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Philippe Lagacé-Wiens,1,4 Kimberly A. Nichol,3 Aleksandra Wierzbowski,1,3 Patricia J. Baudry,1,3

Franil Tailor,1,3 James A. Karlowsky,1,3 Andrew Walkty,1,2,3 Frank Schweizer,1,5

Jack Johnson,7 the Canadian Antimicrobial Resistance Alliance, and Daryl J. Hoban1,3

Department of Medical Microbiology, Faculty of Medicine,1 Departments of Medicine2 and Clinical Microbiology,3 Health Sciences Centre,
Department of Clinical Microbiology, St. Boniface General Hospital,4 and Department of Chemistry, Faculty of

Science,5 University of Manitoba, and Nosocomial Infections Branch, National Microbiology Laboratory,6

Winnipeg, Manitoba, Canada, and International Health Management Associates, Chicago, Illinois7

Received 7 April 2010/Returned for modification 28 July 2010/Accepted 22 August 2010

A total of 5,282 bacterial isolates obtained between 1 January and 31 December 31 2008, inclusive, from
patients in 10 hospitals across Canada as part of the Canadian Ward Surveillance Study (CANWARD
2008) underwent susceptibility testing. The 10 most common organisms, representing 78.8% of all clinical
specimens, were as follows: Escherichia coli (21.4%), methicillin-susceptible Staphylococcus aureus (MSSA;
13.9%), Streptococcus pneumoniae (10.3%), Pseudomonas aeruginosa (7.1%), Klebsiella pneumoniae (6.0%),
coagulase-negative staphylococci/Staphylococcus epidermidis (5.4%), methicillin-resistant S. aureus
(MRSA; 5.1%), Haemophilus influenzae (4.1%), Enterococcus spp. (3.3%), Enterobacter cloacae (2.2%).
MRSA comprised 27.0% (272/1,007) of all S. aureus isolates (genotypically, 68.8% of MRSA were health
care associated [HA-MRSA] and 27.6% were community associated [CA-MRSA]). Extended-spectrum
�-lactamase (ESBL)-producing E. coli occurred in 4.9% of E. coli isolates. The CTX-M type was the
predominant ESBL, with CTX-M-15 the most prevalent genotype. MRSA demonstrated no resistance to
ceftobiprole, daptomycin, linezolid, telavancin, tigecycline, or vancomycin (0.4% intermediate intermediate resis-
tance). E. coli demonstrated no resistance to ertapenem, meropenem, or tigecycline. Resistance rates with P.
aeruginosa were as follows: colistin (polymyxin E), 0.8%; amikacin, 3.5%; cefepime, 7.2%; gentamicin, 12.3%;
fluoroquinolones, 19.0 to 24.1%; meropenem, 5.6%; piperacillin-tazobactam, 8.0%. A multidrug-resistant (MDR)
phenotype occurred frequently in P. aeruginosa (5.9%) but uncommonly in E. coli (1.2%) and K. pneumoniae (0.9%).
In conclusion, E. coli, S. aureus (MSSA and MRSA), P. aeruginosa, S. pneumoniae, K. pneumoniae, H. influenzae, and
Enterococcus spp. are the most common isolates recovered from clinical specimens in Canadian hospitals. The
prevalence of MRSA was 27.0% (of which genotypically 27.6% were CA-MRSA), while ESBL-producing E. coli
occurred in 4.9% of isolates. An MDR phenotype was common in P. aeruginosa.

The prevalence of antimicrobial-resistant bacteria, including
methicillin-resistant Staphylococcus aureus (MRSA; either
community associated [CA-MRSA] or health care associated
[HA-MRSA]), vancomycin-resistant enterococci (VRE), pen-
icillin-resistant Streptococcus pneumoniae (PRSP), extended-
spectrum �-lactamase (ESBL)-producing Escherichia coli and
Klebsiella species, and fluoroquinolone-resistant and carbap-
enem-resistant Enterobacteriaceae and Pseudomonas aerugi-
nosa, is increasing in all regions of Canada, the United States,
and globally (2, 3, 5, 6, 12, 19, 21, 24, 26, 27, 28, 30, 35, 37, 38).
These organisms commonly display a multidrug-resistant
(MDR) phenotype (concomitant resistance to �3 different
antimicrobial classes), further limiting treatment options (2, 3,
19, 21, 24, 35, 37–39).

The purpose of the Canadian Ward Surveillance Study

(CANWARD) study was to assess the prevalence of patho-
gens, including the resistance genotypes of MRSA, VRE, and
ESBL isolates, causing infections in Canadian hospitals as well
as their antimicrobial resistance patterns. The CANWARD
study is the first ongoing, national, prospective surveillance
study assessing antimicrobial resistance in Canadian hospitals.
The results of CANWARD 2007 were previously published
(39), and the data are available on the official website of
the Canadian Antimicrobial Resistance Alliance (CARA;
www.can-r.ca).

(This paper was presented in part at the 49th Interscience
Conference on Antimicrobial Agents and Chemotherapy,
2009, in San Francisco, CA.)

MATERIALS AND METHODS

Bacterial isolates. The CANWARD 2008 study included 10 medical cen-
ters from all regions of Canada (see Acknowledgments and www.can-r.ca).
From 1 January to 31 December 2008, inclusive, each center collected and
submitted clinical isolates from patients attending hospital clinics, emergency
rooms (ER), medical and surgical wards, and intensive care units (ICUs).
Each center was asked to submit clinically significant isolates (unique, con-
secutive; 1 organism/infection site per patient) from blood (240 isolates
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collected [20 consecutive samples/month for each of the 12 months]), respi-
ratory (150), urine (100), and wound (50) infections. Criteria for exclusion
were the following: surveillance swabs; eye, ear, nose and throat swabs;
duplicate swabs (i.e., not unique isolates); polymicrobial cultures. Addition-
ally, anaerobic organisms and fungal organisms, except Candida species from
blood cultures, were excluded. All organisms were identified and deemed
clinically significant at the originating center based on local site criteria. In
CANWARD 2008, 5,282 isolates were collected from 4,260 patients (1.24
isolates/patient). Isolates were shipped to the coordinating laboratory
(Health Sciences Centre, Winnipeg, Canada) on Amies charcoal swabs, sub-
cultured onto appropriate media, and stocked in skim milk at �80°C until
MIC testing was carried out.

Antimicrobial susceptibility testing. Following two subcultures from frozen
stock, the in vitro activities of amikacin, amoxicillin-clavulanate, cefazolin,
ceftazidime, ceftriaxone, cefepime, ceftobiprole, ciprofloxacin, clarithromy-
cin, clindamycin, colistin (polymyxin E), daptomycin, doripenem, ertapenem,
gentamicin, levofloxacin, linezolid, meropenem, moxifloxacin, nitrofurantoin,
piperacillin-tazobactam, telavancin, tigecycline, trimethoprim-sulfamethox-
azole (SXT), and vancomycin were determined by broth microdilution in
accordance with the Clinical and Laboratory Standards Institute (CLSI)
guidelines (9). Susceptibility testing was not performed for all antimicrobial
agents due to a lack of space on the susceptibility panels. The MICs were
determined using 96-well custom-designed broth microtiter panels, which
were made in-house with antimicrobial agents obtained as laboratory-grade
powders from their respective manufacturers, and stock solutions were pre-
pared and dilutions made as described by CLSI (9). The microtiter panels
were inoculated to achieve a final concentration of approximately 5 � 105

CFU/ml and incubated in ambient air prior to reading. Colony counts were
performed periodically to confirm that the appropriate inocula were used.
Quality control (QC) was performed using ATCC QC organisms S. pneu-
moniae 49619, S. aureus 29213, Enterobacter faecalis 29212, E. coli 25922, and
P. aeruginosa 27853.

CLSI breakpoints were used for all antimicrobial agent-organism combi-
nations for which interpretative criteria were available (10). For agents with-
out CLSI interpretative criteria, FDA and Health Canada breakpoints were
applied. The following FDA breakpoints (susceptible [S], intermediate [I],
and resistant [R]) were used for tigecycline: S. aureus (methicillin susceptible
[MSSA] and MRSA), �0.5 �g/ml (S); E. faecalis (vancomycin susceptible),
�0.25 �g/ml (S); Enterobacteriaceae, �2 �g/ml (S), 4 �g/ml (I), and �8 �g/ml
(R). The following Health Canada interpretive breakpoints were used for
ceftobiprole, which is commercially available in Canada: S. aureus (MSSA
and MRSA), �4.0 �g/ml (S); Enterobacteriaceae, �1 �g/ml (S), 2 �g/ml (I),
and �4 �g/ml (R). The following FDA breakpoint for telavancin and S.
aureus (MSSA and MRSA) was used: �1 �g/ml (S).

Characterization of MRSA, ESBL-producing E. coli, and VRE. (i) MRSA.
Potential MRSA isolates were confirmed using the CLSI disk diffusion
method with cefoxitin and by multiplex PCR of the mecA and nuc genes. All
MRSA isolates were tested by PCR for the Panton-Valentine leukocidin gene
(pvl). Additionally, all MRSA isolates were typed using pulsed-field gel elec-
trophoresis (PFGE) and spa typing following the Canadian standardized
protocol to assess whether the isolates were community associated or health
care associated (8, 15, 23–25). PFGE fingerprints were analyzed with Bio-
Numerics version 3.5 (Applied Maths, Austin, TX), and strain relatedness
was determined as previously described (33). The PFGE fingerprints were
compared to the national MRSA fingerprint database and were grouped into
1 of 10 Canadian epidemic MRSA strain types (CMRSA-1 to CMRSA-10) as
previously described (23). In the CANWARD study, CA-MRSA and HA-
MRSA were defined genotypically; MRSA isolates with a CMRSA-7
(USA400/MW2) or CMRSA-10 (USA300) genotype were labeled as CA-
MRSA, while all other genotypes (e.g., CMRSA-1 [USA600], CMRSA-2
[USA100], CMRSA-4 [USA200], etc.) were labeled as HA-MRSA (23,
24, 38).

(ii) ESBL. Any E. coli or Klebsiella spp. with a ceftriaxone and/or ceftazi-
dime MIC of �1 �g/ml was identified as a potential ESBL producer as
specified by CLSI (10, 22). The potential ESBL-producing organisms were
phenotypically confirmed using the CLSI confirmatory method (10). PCR and
DNA sequence analysis were used to identify blaSHV, blaTEM, and blaCTX-M

genes among all ESBL-producing E. coli and Klebsiella species isolates, as
previously described (2, 3, 27).

(iii) VRE. Potential VRE isolates were confirmed using CLSI vancomycin
disk diffusion testing and underwent vanA and vanB PCR as well as PFGE
typing to assess genetic similarity, as previously described (12, 36).

Statistical analyses. To analyze factors associated with antimicrobial re-
sistance, all organisms were classified by the number of antimicrobial classes
(0 to �5) to which they displayed resistance, regardless of species. Only
antimicrobial-organism combinations for which CLSI interpretative criteria
exist were considered in this analysis. Univariate �2 analysis was used to
evaluate statistically significant associations between the number of antimi-
crobial classes to which resistance was observed and gender, age, geographic
region, inpatient status, and invasive (blood culture) isolates. Factors found
to have a P value of �0.10 in the univariate analysis were included in a full
factorial ordinal logistic regression model to determine the variables that
were independently associated with resistance. Finally, a separate nominal logistic
regression model using multidrug resistance (�3 classes) in Gram-negative organ-
isms and pan-susceptibility (susceptibility to all antimicrobial classes tested) in all
organisms as the response variables was also considered. All statistical analyses were
done using JMP 8.0 software (SAS Institute, Cary, NC).

RESULTS

Patient demographics and specimen types. A total of 5,282
isolates recovered from clinical specimens were collected
from hospitals across Canada as part of CANWARD 2008.
Overall, 53.7% (2,838/5,282) of the isolates were collected
from males. The patient age breakdown was as follows: �17
years, 14.4% (760/5,282); 18 to 64 years, 44.9% (2,370/
5,282); �65 years, 40.7% (2,152/5,282). With regard to spec-
imen source, 30.5% (1,612/5,282) of the organisms were
obtained from respiratory specimens, 41.5% (2,194/5,282)
from blood, 9.3% (493/5,282) from wounds, and 18.6% (983/
5,282) from urine.

Predominant organisms isolated in Canadian hospitals.
The 20 most commonly isolated organisms in hospitals
across Canada are listed in Table 1. For Gram-positive
cocci, S. aureus (MSSA), S. pneumoniae, MRSA, Enterococ-
cus spp., and coagulase-negative staphylococci(CNS)/Staph-
ylococcus epidermidis collectively represented 38.0% of all
isolates. For Gram-negative bacilli, E. coli, P. aeruginosa,
Klebsiella pneumoniae, Haemophilus influenzae, and Entero-
bacter cloacae represented 40.8% of all organisms.

Predominant organisms isolated by specimen site. Table 2
describes the 10 most commonly isolated microorganisms
recovered from the four evaluated specimen sources (respi-
ratory, blood, wounds, and urine). S. pneumoniae, S. aureus
(MSSA), and P. aeruginosa were the most commonly iso-
lated pathogens from respiratory tract specimens (�50% of
isolates). Among blood culture isolates, E. coli, S. aureus
(MSSA), and coagulase-negative staphylococci/S. epidermi-
dis were the most predominant. S. aureus (MSSA and
MRSA) was the most commonly isolated organism from
wound cultures (�50% of wound pathogens). Among uri-
nary tract specimens, E. coli was the predominant pathogen
(51.9%), while enterococci (14.5%) and K. pneumoniae
(10%) were also frequently identified.

Characteristics of MRSA. Twenty-seven percent (272/
1,007) of all S. aureus isolates were MRSA. The prevalence
of MRSA varied geographically: British Columbia/Alberta,
31.6%; Quebec/Maritimes, 30.9%; Ontario, 25.7%; Mani-
toba/Saskatchewan, 19.3%. Genotypically (as determined by
PFGE), 68.8% of MRSA were HA-MRSA and 27.6% were
CA-MRSA (3.8% of MRSA could not be genotypically clas-
sified). CMRSA-10/USA300 represented 80.0%, whereas
20.0% of the CA-MRSA were CMRSA-7/USA400. PFGE
patterns among HA-MRSA included CMRSA-2/USA100/
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800 (81.9%), CMRSA-3 or CMRSA-6 (12.8%), CMRSA-1/
USA600 (1.6%), CMRSA-5/USA500 (1.6%), CMRSA-8
(1.1%), CMRSA-4/USA200 (0.5%), and CMRSA-9 (0.5%).
PVL was detected in 85.3% of CA-MRSA and 0.5% of
HA-MRSA isolates.

Characteristics of ESBL-producing E. coli and K. pneu-
moniae. Of the E. coli isolates tested, 4.9% (55/1,132) were
ESBL producing. The proportion of E. coli isolates produc-
ing ESBLs varied by medical unit: 2.5% in hospital clinics,
2.9% in surgical wards, 4.6% in emergency rooms, 5.9% in
medical wards, and 8.0% in intensive care units. The prev-
alence of ESBL-producing E. coli isolates varied geograph-
ically: British Columbia/Alberta, 7.6%; Ontario, 5.8%;
Manitoba/Saskatchewan, 4.7%; Quebec/Maritimes, 2.4%.
Of the 55 ESBL-producing E. coli, 49 (89.1%) carried ESBL
genes from the CTX-M group (39 [70.9%] blaCTX-M-15, 8
[14.5%] blaCTX-M-14, and 2 [3.6%] blaCTX-M-27), 2 (3.6%)
carried blaSHV2a, 1 (2.2%) carried blaTEM-12, and for 3
(5.5%) the ESBL gene was unknown. An MDR phenotype
was observed in 76.4% of the ESBL-producing E. coli. ESBL
production was detected in 3.2% (10/316) of the K. pneu-
moniae isolates, with Ontario recording 50% (5/10) of all
strains. An MDR phenotype was observed in 80.0% of the
ESBL-producing K. pneumoniae.

Characteristics of VRE. Among the 320 enterococci, 10
(3.1%) were VRE. All VRE detected were E. faecium and
displayed the vanA genotype.

Antimicrobial susceptibility testing. Antimicrobial resis-
tance rates for the most common Gram-positive cocci based
on specimen source are listed in Table 3. Among MSSA, no
resistance was observed to ceftobiprole (MIC90, 0.5 �g/ml

TABLE 1. The 20 most common organisms isolated
from Canadian hospitals

Ranking Organism No. of
isolates

% of
total

1 Escherichia coli 1,132 21.4
2 Staphylococcus aureus MSSA 735 13.9
3 Streptococcus pneumoniae 544 10.3
4 Pseudomonas aeruginosa 373 7.1
5 Klebsiella pneumoniae 316 6.0

6 CNS/S. epidermidis 283 5.4
7 Staphylococcus aureus MRSA 272 5.1
8 Haemophilus influenzae 214 4.1
9 Enterococcus spp. 176 3.3
10 Enterobacter cloacae 114 2.2

11 Enterococcus faecalis 101 1.9
12 Streptococcus pyogenes 97 1.8
13 Proteus mirabilis 85 1.6
14 Klebsiella oxytoca 76 1.4
15 Streptococcus agalactiae 73 1.4

16 Serratia marcescens 69 1.3
17 Stenotrophomonas maltophilia 57 1.1
18 Moraxella catarrhalis 52 1.0
19 Enterococcus faecium 49 0.9
20 Viridans group Streptococci 44 0.8

Othera 420 8.0

Total 5,282 100.0

a Other organisms included the following: Acinetobacter spp., Aeromonas
spp., Alcaligenes spp., Bacillus spp., Brevibacterium spp., Candida spp., Cede-
cea spp., Chryseobacterium spp., Citrobacter spp., Corynebacterium spp., En-
terobacter spp., Enterococcus spp., Escherichia spp., Gemella spp., Granulicatella
spp., Haemophilus spp., Hafnia spp., Klebsiella spp., Listeria spp., Micrococcus spp.,
Moraxella spp., Morganella spp., Neisseria spp., Pantoea spp., Pasteurella spp., Proteus
spp., Providencia spp., Pseudomonas spp., Ralstonia spp., Salmonella spp., Serratia
spp., Staphylococcus spp., and Streptococcus spp.

TABLE 2. The 10 most common organisms isolated in Canadian
hospitals, by specimen site

Site (% of total
isolates) and

ranking
Organism No. of

isolates
% of
total

Respiratory (30.5)
1 S. pneumoniae 423 26.2
2 S. aureus MSSA 237 14.7
3 P. aeruginosa 217 13.5
4 H. influenzae 201 12.5
5 S. aureus MRSA 91 5.6
6 K. pneumoniae 66 4.1
7 E. coli 60 3.7
8 M. catarrhalis 52 3.2
9 S. maltophilia 42 2.6
10 S. marcescens 32 2.0
Other 191 11.9
Total 1,612 100.0

Blood (41.5)
1 E. coli 522 23.8
2 S. aureu MSSA 299 13.6
3 CNS /S. epidermidis 256 11.7
4 K. pneumoniae 139 6.3
5 S. pneumoniae 121 5.5
6 S. aureus MRSA 109 5.0
7 E. faecalis 94 4.3
8 P. aeruginosa 81 3.7
9 E. cloacae 48 2.2
10 S. agalactiae 45 2.1
Other 480 21.8
Total 2,194 100.0

Wounds (9.3)
1 S. aureus MSSA 184 37.3
2 S. aureus MRSA 58 11.8
3 E. coli 40 8.1
4 P. aeruginosa 40 8.1
5 S. pyogenes 37 7.5
6 Enterococcus spp. 22 4.5
7 E. cloacae 14 2.8
8 K. pneumoniae 13 2.6
9 CNS/S. epidermidis 10 2.0
10 S. agalactiae 8 1.6
Other 67 13.7
Total 493 100.0

Urine (18.6)
1 E. coli 510 51.9
2 Enterococcus spp. 143 14.5
3 K. pneumoniae 98 10.0
4 P. mirabilis 46 4.7
5 P. aeruginosa 35 3.6
6 E. cloacae 22 2.2
7 K. oxytoca 17 1.7
8 CNS/S. epidermidis 16 1.6
9 S. aureus MSSA 15 1.5
10 S. aureus MRSA 14 1.4
Other 67 6.9
Total 983 100.0
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[data not shown]), daptomycin, linezolid, telavancin (MIC90,
0.5 �g/ml [data not shown]), tigecycline, or vancomycin. The
MIC90s (in �g/ml) to dalbavancin and oritavancin were 0.06
and 0.5, respectively (data not shown). Resistance rates with
MSSA were as follows: clarithromycin, 23.5%; clindamycin,
6.5%; fluoroquinolones, 7.5 to 9.2%; SXT, 1.2% (Table 3).
With MRSA, no resistance was observed with ceftobiprole
(MIC90, 2 �g/ml [data not shown]), daptomycin, linezolid,
telavancin (MIC90, 0.5 �g/ml [data not shown]), tigecycline,
and vancomycin (0.4% intermediate). The MIC90s (in �g/
ml) to dalbavancin and oritavancin were 0.06 and 0.5, re-
spectively (data not shown). Resistance rates with MRSA
were as follows: clarithromycin, 85.7%; clindamycin, 55.5%;
fluoroquinolones, 86.4 to 87.1%; SXT, 10.3% (Table 3).
With S. pneumoniae, no resistance was observed to vanco-
mycin, linezolid, or ertapenem. The MIC90s (in �g/ml) to
dalbavancin, oritavancin, and telavancin were �0.03, 0.004,
and �0.03, respectively (data not shown). Resistance rates
with S. pneumoniae were as follows: fluoroquinolones, 1.0 to
4.7%; ceftriaxone, 0.2%; meropenem, 1.7%; clarithromycin,
17.5%; clindamycin, 8.2%; SXT, 10.0% (Table 3). Resis-
tance rates for tested antimicrobials were higher in S. pneu-
moniae isolates obtained from respiratory versus blood
specimens (Table 3).

Resistance rates for the most common Gram-positive
cocci based on hospital ward location are listed in Table 4.
S. aureus (MSSA and MRSA) resistance rates for fluoro-
quinolones, clarithromycin, clindamycin, and SXT were not
influenced by ward location. With S. pneumoniae, resistance
rates with fluoroquinolones, clarithromycin, and clindamy-
cin tended to be higher on medical wards than other hospital
locations.

For Gram-positive organisms, the ordinal logistic regres-
sion model showed increasing age (P � 0.001), inpatient
status (P � 0.001), and invasive isolates (P � 0.001) were
associated with higher resistance rates. The nominal logistic
regression model showed that pan-susceptibility was associ-
ated with lower age (P 	 0.003), outpatient status (P �
0.001), and noninvasive isolates (P � 0.001).

Antimicrobial resistance rates for the most common
Gram-negative bacilli based on specimen source are listed in
Table 5. With E. coli, no resistance was observed to dorip-
enem, ertapenem, meropenem, and tigecycline. Resistance
rates with E. coli against other agents were as follows:
amoxicillin-clavulanate, 0.5%; cefazolin, 10.0%; cefepime,
1.6%; ceftriaxone, 4.4%; gentamicin, 9.7%; fluoroquinolo-
nes, 21.6 to 22.1%; piperacillin-tazobactam, 1.2%; SXT,
27.7%. Resistance rates with P. aeruginosa were as follows:
amikacin, 3.5%; cefepime, 7.2%; gentamicin, 12.3%; fluo-
roquinolones, 19.0 to 24.1%; meropenem, 5.6% (mero-
penem MIC90, 8 �g/ml, versus doripenem MIC90, 4 �g/ml);
piperacillin-tazobactam, 8.0%; colistin (polymyxin E), 0.8%.
P. aeruginosa resistance rates with aminoglycosides, fluoro-
quinolones, and colistin were higher in isolates obtained
from respiratory specimens. With K. pneumoniae, no resis-
tance was observed to amoxicillin-clavulanate, doripenem,
ertapenem, and meropenem. Resistance rates with K. pneu-
moniae were as follows: cefazolin, 6.3%; ceftriaxone, 1.3%;
cefepime, 0.9%; fluoroquinolones, 5.1 to 7.3%; amikacin,
0.6%; gentamicin, 2.8%; piperacillin-tazobactam, 2.5%;
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tigecycline, 0.6%; SXT, 11.4%. K. pneumoniae resistance
rates with aminoglycosides and fluoroquinolones were
higher in isolates from urinary specimens.

Antimicrobial resistance rates for the most common
Gram-negative bacilli based on hospital ward location are
listed in Table 6. With E. coli, antimicrobial resistance rates
for penicillins, cephalosporins, fluoroquinolones, and amino-
glycosides were highest in isolates obtained from ICUs.
With P. aeruginosa (excluding the cystic fibrosis clinics),
resistance rates were highest in ICU specimens for penicil-
lins, cephalosporins, carbapenems, fluoroquinolones, and
aminoglycosides.

The ordinal logistic regression model showed that Gram-
negative bacilli were resistant to more classes of antimicrobials
when obtained from inpatients (P � 0.001) and men (P �
0.001). Similarly, Gram-negative isolates were more likely to
be pan-susceptible when obtained from outpatients (P �
0.001) and women (P � 0.001).

MDR. Multidrug resistance was assessed in Gram-negative
organisms only, because no accepted definition exists for
Gram-positive organisms (Table 7). Multidrug resistance for
Gram-negative organisms was defined as resistance to �3 of
the following: cefepime, piperacillin-tazobactam, meropenem,
amikacin or gentamicin, and ciprofloxacin (20, 37). In general,
the nominal regression analysis showed that Gram-negative
bacilli were more likely to be MDR when the specimens were
obtained from men (P 	 0.008) and inpatients (P � 0.001).
The MDR phenotype was most common in P. aeruginosa at
5.9%. An MDR phenotype occurred in 1.2% of E. coli, 0.9% of
K. pneumoniae, 0% of E. cloacae, and 0% H. influenzae (Table
7). No statistically significant association could be made be-
tween rates of MDR E. coli or P. aeruginosa and hospital
locations or specimen sources.

DISCUSSION

The CANWARD study is the first national, prospective sur-
veillance study assessing antimicrobial resistance in hospitals
across Canada. In 2008, this national surveillance study in-
volved 10 medical centers in major population centers in 7 of
the 10 provinces in Canada. Each medical center collected
clinically significant bacterial isolates from blood, respiratory,
wound, and urinary specimens. Previous surveillance studies
had documented that more than half of all bacterial isolates
recovered from clinical specimens in hospitals were from the
respiratory tract (7). Such conclusions cannot be drawn from
the CANWARD 2008 study, because it was designed to collect
isolates from a variety of specimen sources to assess antimi-
crobial resistance patterns, rather than assessing the preva-
lence of infectious diseases in Canadian hospitals. Christensen
et al. recently reported that in the United States from 1998 to
2006, respiratory tract infections were the most common in-
fectious diseases requiring hospitalization, followed by infec-
tions of the urinary tract, cellulitis, septicemia, and abdominal/
rectal infections (7). Thus, the CANWARD 2008 study, which
focused on bacterial isolates obtained from blood, the respira-
tory tract, the urinary tract, and wounds, is reflective of the
most common infectious sites in hospitals. We report that the
10 most common isolates recovered from 78.8% of all clinical
specimens in hospitals across Canada were E. coli, MSSA, S.
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pneumoniae, P. aeruginosa, K. pneumoniae, coagulase-negative
staphylococci/S. epidermidis, MRSA, H. influenzae, Enterococ-
cus spp., and E. cloacae (Table 1). Our data concur with pre-
vious reports that Gram-positive cocci, including MSSA, S.
pneumoniae, MRSA, and Enterococcus spp., are the most com-
mon Gram-positive isolates recovered from clinical specimens
in North American hospitals (13, 37). In addition, our data
support that E. coli, P. aeruginosa, K. pneumoniae, and E.
cloacae are the most common Gram-negative bacilli causing
infections in North American hospitals (20, 37).

In CANWARD 2008, MSSA and MRSA (in all regions
studied) were important isolates recovered from clinical spec-
imens, including bacteremia, the respiratory tract, and wounds.
Twenty-seven percent of all S. aureus isolates were MRSA
(geographic variability, 19.3 to 31.6%), which is not different
from the 26.0% we reported from CANWARD 2007 (39).
Surprisingly, 27.6% of all MRSA isolates in Canadian hospitals
were CA-MRSA, as determined genotypically. In CANWARD
2007, we reported the rate of CA-MRSA in Canadian hospitals
to be 19.5%, while in a similar study assessing antimicrobial
resistance in Canadian ICUs that was conducted in 2005–2006,
we reported that 9.1% of all MRSA were CA-MRSA (24, 38,
39). Thus, it is clear that CA-MRSA genotypes are rapidly
spreading beyond the community setting and throughout Ca-
nadian hospitals (14). CMRSA-10/USA300 continues to be the
predominant CA-MRSA genotype in Canadian hospitals, as
previously reported (37–39). The most common HA-MRSA
genotypes in Canadian hospitals were CMRSA-2/USA100/800
(81.9%) and CMRSA-6 or CMRSA-3 (12.8%), as has also
been previously documented (8, 23, 37). The resistance rates
among MRSA were high (�50%) with fluoroquinolones and
macrolides (such as clarithromycin), as well as clindamycin, but
lower with SXT (10.3%). These resistance rates are consistent
with previous reports (23, 37) and suggest that SXT remains a
reasonable empirical treatment for mild to moderate infec-
tions (e.g., skin and soft tissue infections) caused by CA-
MRSA or HA-MRSA. Eight of 272 (2.9%) MRSA isolates
demonstrated vancomycin MICs of 2 �g/ml, which is an in-
crease from CANWARD 2007, for which we documented a
rate of 1.0% (38, 39). Although we did not assess the preva-
lence of hetero-resistant vancomycin-intermediate S. aureus
(hVISA), a recent Canadian study reported that 8.1% (22 of
271) of MRSA isolates with a vancomycin MIC of 2 �g/ml
collected across Canada from 1995 to 2006 were hVISA based
on population analysis profiling (1). Similarly, a recent analysis
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TABLE 7. MDR phenotypes in Canadian hospitalsa

Organism
No. of MDR

isolates/total no.
of isolates

% of isolates
that were

MDR

E. coli 14/1,132 1.2
P. aeruginosa 22/373 5.9
K. pneumoniae 3/316 0.9
E. cloacae 0/114 0
H. influenzae 0/214 0

a Multidrug resistance for Gram-negative bacilli was defined as resistance to
�3 of the following: cefepime, piperacillin-tazobactam, meropenem, amikacin or
gentamicin, and ciprofloxacin.
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from Detroit identified 8.3% (of 917 strains assessed from 2003
to 2007) of MRSA isolates as hVISA (31).

We report that only 3.1% of all enterococci were VRE in
our study, of which all were E. faecium and displayed the vanA
genotype. In CANWARD 2007, we reported 1.8% VRE with
the majority (62.5%) having the vanA genotype (39). This
study confirms that E. faecium carrying vanA continues to be
the predominant VRE genotype in North America (12, 36, 38).
The low level of VRE across Canada has been previously
documented and highlights the lack of spread of VRE across
the country (36, 38). The continued low level of VRE in Ca-
nadian hospitals likely reflects the use of active surveillance
programs as well as infection control programs (e.g., aggressive
hand hygiene) and antimicrobial stewardship programs, which
have been shown to prevent VRE and MRSA infections (11,
16, 18, 32). None of the enterococci displayed resistance to
tigecycline or daptomycin.

The CANWARD 2008 study found that 4.9% of E. coli
isolates were ESBL producers (an increase from 3.4% in
CANWARD 2007) and that all areas of the hospital were af-
fected. The observations that ESBL-producing E. coli were
identified in all geographic regions of the country and 76.4% of
the isolates displayed an MDR phenotype alert researchers
and clinicians that MDR ESBL-producing E. coli isolates are
increasing in Canadian hospitals. This study demonstrated that
the CTX-M genotype (blaCTX-M-15 and blaCTX-M-14) was the
predominant genotype in Canadian hospitals. Other studies
assessing ESBL-producing E. coli have shown that the CTX-M
genotype is spreading rapidly in both community and hospital
settings (3, 5, 19, 22, 26–28). Recently, Peirano et al. reported
on ESBL-producing E. coli from 11 Canadian medical units
based on phenotypic and genotypic methods to characterize
the isolates. CTX-M-15 was the predominant genotype pro-
duced (71%; 148/209), while 8% (17/209) produced CTX-M-14
(26). ESBL-producing E. coli most commonly belonged to
clonal complex ST131 (46%; 96/209) (26). CANWARD 2008
highlights the rapid spread of CTX-M-15 E. coli and MDR
CTX-M-15 in Canadian hospitals. This MDR phenotype may
be spreading rapidly in part due to the continued extensive use
of broad-spectrum cephalosporins and fluoroquinolones. Hsu
et al. recently reported a correlation between the use of broad-
spectrum cephalosporins and fluoroquinolones and antimicro-
bial-resistant E. coli (17).

This study found associations between increasing age and
inpatient status and resistance in Gram-positive cocci. For
Gram-negative bacilli, resistance was more likely to occur in
isolates obtained from inpatients and men. These data support
the current literature, which indicates that antimicrobial resis-
tance generally increases with increasing age and among inpa-
tients (4, 34). Especially among urinary tract isolates of E. coli,
it has been established that resistance is higher in men than in
women and increases with age (4). With E. coli and P. aerugi-
nosa (excluding the cystic fibrosis clinics), antimicrobial resis-
tance rates were highest in isolates obtained from the ICU.
This finding is consistent with previous studies where higher
resistance rates in the ICU were reported for Gram-negative
bacilli (20, 29, 37).

The lowest rates of resistance for Gram-negative bacilli oc-
curred with amikacin, amoxicillin-clavulanate, cefepime, dorip-
enem, ertapenem (except P. aeruginosa), meropenem, and pip-

eracillin-tazobactam, which is consistent with previous reports
(20, 29, 37). With P. aeruginosa, carbapenem activity was ob-
served in the following order: doripenem � meropenem (imi-
penem was not tested). The low level of resistance in Gram-
negative bacilli with amikacin likely reflects the low usage of
aminoglycosides in favor of the fluoroquinolones in Canada
and the United States over the past decade. In contrast, fluo-
roquinolone resistance was high with E. coli (21.6 to 22.1%)
and P. aeruginosa (19.0 to 24.1%), which is consistent with
other reports (20, 29, 37) and reflects extensive fluoroquin-
olone usage (17). A recent report documented increasing prev-
alence of MDR Gram-negative bacilli in ICUs in the United
States (20). Our definition of multidrug resistance for Gram-
negative bacilli (resistance to �3 of the following: cefepime,
piperacillin-tazobactam, meropenem, amikacin or gentamicin,
and ciprofloxacin) was slightly more restrictive than that used
in the U.S. study; thus, it was not surprising that our MDR rate
of 5.9% with P. aeruginosa was somewhat lower than that
previously reported in the United States of 9.3% (20). MDR
rates in Gram-negative bacilli in Canadian hospitals (E. coli,
1.2%; E. cloacae, 0%; K. pneumoniae, 0.9%) are lower than
those in U.S. institutions (E. coli, 2.0%; E. cloacae, 5.9%; K.
pneumoniae, 13.3%) (20). The explanation for the lower MDR
rates with Enterobacteriaceae (E. coli, E. cloacae, and K. pneu-
moniae) in Canada is unclear but may include the fact that
Canada has a lower prevalence of ESBL-producing Enterobac-
teriaceae or the fact that Canada aggressively promotes active
surveillance programs, infection control programs (e.g., dili-
gent hand hygiene), and antimicrobial stewardship programs
(2, 3, 5, 11, 16, 18, 32). MDR ESBL-producing E. coli isolates
were all susceptible to the carbapenems doripenem, ertap-
enem, and meropenem, as well as to tigecycline.

The limitations of the CANWARD study include the fact
that we cannot be certain that all clinical specimens represent
active infection. As in our previous CANWARD 2007 and
CAN-ICU studies (37–39), we asked centers to provide poten-
tially pathogenic isolates from “clinically significant” speci-
mens from patients with a presumed or proven infectious dis-
ease. Although it is possible that not all of the organisms were
isolated from actual infections in patients, we believe that the
vast majority of the isolates would have been collected from
clinically significant samples, as we excluded all surveillance
swabs, duplicate swabs, eye, ear, nose, and throat swabs, and
genital cultures. Another limitation of this study is that we did
not have admission date data for each patient/clinical speci-
men, and thus we were not able to provide a completely accu-
rate description of community versus nosocomial onset. The
CANWARD study assessed antimicrobial resistance rates in
tertiary care medical centers across Canada and thus may de-
pict inflated resistance rates compared to smaller, community
practice hospitals. In this study, CA-MRSA and HA-MRSA
were defined genotypically, not epidemiologically, and it has
been shown epidemiologically that CA-MRSA genotypes can
be associated with HA infections and that HA-MRSA can be
associated with CA infections (8). Susceptibility testing was not
performed (nor fully reported) for all antimicrobial agents due
to a lack of space on the susceptibility panels utilized (or in
data tables). It is recognized that data on antimicrobials such
as ceftazidime, imipenem, tobramycin, and others would be
beneficial, as different hospital formularies stock these and
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other antimicrobials not tested in this study. Finally, perform-
ing statistical analyses by collapsing various Gram-positive
cocci (e.g., MSSA, MRSA, and VRE) or various Gram-nega-
tive bacilli (e.g., Enterobacteriaceae and nonfermenters) to-
gether to assess risk factors for resistance may not be appro-
priate. The analysis was performed to assess general risk factor
trends.

In conclusion, E. coli, S. aureus (MSSA and MRSA), P.
aeruginosa, S. pneumoniae, K. pneumoniae, H. influenzae, and
Enterococcus spp. are the most common isolates recovered
from clinical specimens in Canadian hospitals. The prevalence
of MRSA was 27.0% (of which, genotypically, 27.6% was CA-
MRSA), the prevalence of VRE was 3.1%, and ESBL-produc-
ing E. coli occurred in 4.9% of isolates. An MDR phenotype is
common with P. aeruginosa in Canadian hospitals.
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